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(54) FERROELECTRIC MEMORY ELEMENT 
(57)Abstract 

PROBLEM TO BE SOLVED: To solve the problem that, in 
a ferroelectric memory element of a MFlS(metah 
ferroelectric-insulator-semiconductor) structure when an 
insulator film (buffer layer) and a ferroelectric thin film are 
formed, an unwanted low permittivity layer is formed 

between a silicon semiconductor substrate and the *» » 

insulator film (buffer layer), so that a capacitance of the 
insulator film is lowered and a sufficient voltage is not 
applied for inversion of polarization of a ferroelectric. . 
SOLUTION: An insulation film (2) on a silicon 
semiconductor substrate (1) presents a ferroelectric 
memory element of an MFIS structure containing a low 
permittivity layer control film (3) and a mutual diffusion 
prevention film (4), and it is restricted that an unnecessary 
low permittivity layer is formed between the 
semiconductor substrate and the insulation film. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiners decision of 
rejection] 

[Kind of final disposal of application other than 
the examinees decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner's 



AVAILABLE COPY 



0 5- 5-2 5; 1 : 1 3PM; NG£|3Si MORGAN, LEWIS ^M 55 6 1 39 54 # 3/41 

Searching PAJ 2/2 ^— V 



decision of rejection] 
[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



05- 5-25; 1 : 1 3PM; NGjUgSJ MORGAN, LEWIS ^^ 5 6 1 39 54 # 4/41 



N^pB 



mn*®mtt up) 02) & f|§ 



(a) (\\)mttiw&m% 
#^2001 —291841 
•(P2001-291841A) 
(43>m 0 *tfl3*f-10£ 190(2001. 10. 19) 



(51) IntCL 7 
HOIL 27/10 
21/8247 
29/788 
29/792 



451 



FI 

HOIL 27/10 
29/78 



451 5F001 
371 5F083 
5F1 01 



sag** mxmco&e OL (£ 7 H> 



(21)tf$#^ fcE2000-l05893(P2000-105893) 
<22)ttK0 «12¥4 Jl 7 6(2000.4.7) 



(71) Hi® A 500118034 ; 

SOSOBteffl&K&E 1 TB 9®27-3(W 

(71) ffifflA 390009667 <' 

SDK^DRESft =T S 4 * 3 * 

(72) 809 £# ft*-: 

JESCSraE^EOftS 1 T@ 9 #27-304^ 

<74)ftEA 100059959 V 

ft (*9£) 



<5d) bmwom m*it&te%* 



or) (jhm : 

(BJB] MF I S (AJB-K^^-ffilS*-^ " 

5/y ?>«iw»c ( i ) ±o&&bs 
(2 ) #. fin^«iin«a (3) itflsifi^ihjs 
(4) i^s^MF j $®mmrnms8&*i:m 




V2 



0 5- 5-2 5; 1 ;13PM;NG£fiP MORGAN, LEWIS ^^56 1 39 54 # 5/ 



1 

tatoc &em&r&m«HBB9it?. 
mm2 ] nBflamm«WR3tiv y a^aftB 

EM0MOI*l*GBftT. 

[ia*54 ] mzmm®mffl&&is y ^>sfts • 
«it*'j^ (ceo b-c*d. tiieaarafm 

#, SrBi.Ta.O.OB-C^CitlMHir^lS 

[IWtB5 ] fltateSKakttJhRtf. CeO„ C e- 
Z r 0, . YS Z <B{fc-f 9 h V $±9&ttm&M 
. Y,Oi, SrTiO,. ZrO,, HfO,fe 
±t>' (BaSr) T i O, (BST) 2C 

Zr^Tix-aOj, Pb,Lai. T ZrMTi,.„0,. Bi 
,Ti,0„, Sr.NbjOr, Sr, (Ta.Nb,.,), 
0, H&V S rBiJa, 0»#6&£ j0lf-7Q(M>6 

swhfc-o©a»0«!*c* a c £ f *«# 

(MoMftlM] so 
[000 1 ] 

[0 00 2] 

S^tfey * y F RAM (Ferroelectric Random Access 40 
Memory) fc£. «BE*frC*9» frO^fcfrfcitHtt* 
ft&4>EEPROM (Electrically Erasable and Proa 
rammable Read Only Manory) .Flash Memo 
r y %£<Dm%&J * !/ Jfc 0 BtiT l>* <b tbfrCl» 
C<OF eRAMft, DRAM©** 



(2) *?M2 00 1-2 9 l«4l 

2 

&S*#ft 5 *©«hWfltt lOOnsec. g 
KfcSb S6*c. h»>^*A*-r^5/*4 

{000 3] Cnfc*fLt\ r7>2^*©y-rf£*S 
BBjNCWMfttriSt^MFS-PET (Metal Ferr 
oelectrics Semiconductor Field Effect Transisto 
r) «, 5«S(*«»S6Mh^>5?^*0^ + >*iU© 

h 5>*JZ2®jt * 'J ■teJloWlfr- y :>#JB|te8E*Tl> 
$ («*tff^fl¥£!$7 7-9. p97 6, 1 99 
' 4) cA*SHfcU ^bKHLTjinN4cHffH#S 

• ®*00«i«:£*). FET©*>, *7£tt»T*fc 

[0 0 04] LfrU C©«®DtS£, *>y=i>4£S* 
20 WR±(CiS8E«a8«<***iitL. *0±fcJtS«t5€r» 

t »; 7«*3ra*(CSASh* (S.V.Wu, IEEE Trans. 
Electron Devices: Vol. ED-21, No.8, pp. 499-504 a 
974)), 2^yn>*»«»«i«Sre»iWEJtfii36« 

(Jpn. J. Appl. Phys.. Vol.33, ppS172 (199 
4)) ft^CT, a»«:«H¥T*FET (^$B££!r? 

[0 00 5] *Ct\ »ra¥9-64 2 0e#fiMR«:BB 

30 k&m<0>iv7T®>k&A,KMF I S-FET (Meta 
1 ferroelectrics Insulator Semicojiductor PET) 

@^>. mf i s m&vm&m t&mvmssi 

(M) Nttt»&lA!MFMI S-FET (Metal Ferr 
oelectrics Metal Insulator Semiconductor - FET) 
(T.Nakomura et al. Dfq.Tech. Pap. Of 1995 IE££ In 
t. Solid State Circuits Conf. P.68 0395)) 

^$nn^. *«»«h*omf i $tt&mtz>i> 

[0 00 6] H5«, mt<OUF I SSflafRfct* 9 

[0 00 7] Ban. EJ5©MF I S«a<D8B^«9ffi 

r*«Bt«B«ft:a& % CMifflrSfMiFKtfiBffet 
3 1\ 7W»Ky*'J4LXWIPUJtrt». $6(c % Stgft 



0 5- 5-2 5; 1 : 1 3PM; NGBfiMJ MORGAN, LEWIS ^^65 6 1 3 9 54 # 6/41 



3 

«r*e<r*iJ»SW*0. *©fcawctt % 

*C, «^«©>t>77J8©§S4> #*t^»^ 

t&ttT£t4#SE-c&&. **^>*:>*c,fcj:tf 

[0 0 0 8] C «MMt * wJSSK: T 5 1 -OCD#&4 L T , 

rt*<T*tA##jt6tt3#. MF I S|ftS(9«ft. 

tt. ^tSWS±©S«*KMOffi«-C^^S/c«6. 1 

[0 00 9] J3'J£#£AL,r % ^ip^V*>XC.i^ 
+ ^ >X C r «fc« L T*# < ft & J: 5 KRSf-T* 
fc&fc* iUHRO/t9 77flI«:«<rstA % &s$*s 

ft*. 

[0 0 10] Cti6C[)njl«iB^-C^f^'»>XCi 

<wirM«»*«i»*3Marc*4. mar. 

77JBt(/rj;tai«W5/Va>»ifcBI(fi = 3. 9) 
iOISc^CeOa (Rft-bV^A) (£«2e)tJ8b> 

»»K©/<»77JSO»SO*efett, Ceo, 

rj a >*«*Sfi±(C**BBSS»*£-c 

(7 0 0-C) ram«*r7^~*tau *<D 
»H»*r7^-;H/n»s # 

[0011] 

«4^*7rH©H«:S i O^CeO^^CDfiBBS* 
*7 7HI©*+Aj/*>;iC l j&iffiTU >Si§t«ttiB 

f 4«E*S&< l/fctttiHtft&f, SESrt8ff£B< Lft 

h» mm? » ft tr > & to maw* * • 

[0 0 1 2] *tr*ffl!tt. ^U^>*»l*Bfi4« 
IM©/<*7rlM>B«C % <Mm%ffi3n*t4 



(3) »H2 00 1-2 9 1 84 1 

A 

[00 13] 

«c. s/ya>*s*afch«:ifiaB4a»« 

io t^c4^#8S4'r4as5«^tfts : f4is^r^ 
c o o 1 4 1 *jBJfc«. ismMimiftvs/ 

[0015] tmmmzmmismm. v y 

WT **B5lfi»WjtJBtt t CeOi, Ce-ZrO„ Y 
SZ hy»ASefbltft^six9A) % Y 

20 a 0 3 . SrTiO,, Zr0 2 , H f O.JWtf (B a S 
rJTiO^BST) 6ft«yA-r©**»6atf#i 

/c-o©*t*»©a*fc«2 oa±©«»©ajBr*&. 

S@f3#i»(tt, PbTiO,, P b 2 r* T i i.ji Oj, 
PbrLa a . r 2 r x T u.xO,, Bi 4 Ti,0»i, Sr, 
Nb«Or, Sr, (Ta«Nb,.«) ,0,fe<fctfSr B i, 
T a 1 0, * 6ft 4 tf)\>-7<D$i)> fcHKfofc-ooWfl 

[0016] *»TOOJJfi<»J««: J:n«. {EXfSSjgffl 
^ya>*««*«4^»7TBOW«^FKft 

30 «ss^JB*««flEsti<sc4*i»±r*. ufc^->r. 
lfi^tlg©+r;^^>^(5T f r4c:4^ft<, ®g?« 

-CSS. JMT, ^no3EtSM«BnD««BLft^&St 
[0017] 

[*WOS»©JBSS] Hltt* *»9iecj:SMF I Sffi 

tfcfcfc, ^»Ja>*«*BiElJb©«»H 
2 (X k 5/ y 3 >*«*StE 1 ±OfiSf «$lsmSdJgl 3 4 
«5i£ftitli*ihJS4^Wf S. fi^«^JS}fp$ilJBJ3{3:, 
ya>a^ftH*fc«2/ya>awtKr** # tasit 

iM8ifcK4te. CeOi, Ce-2rO,, YSZ (Wt 

hy*A*aftiiwty^3-9A) , y,o,, sr 

TiO Jt 2r0 5 , HfO.^J:^ (BaSr) T i 0 3 

(b st) *6ft*^-^©**6aanfc-o©tt 

0 *6SWhfc20JiLb©«»©aHT*'9-Cfcfl(r». 



05- 5-25; 1 : 1 3PM ; N 



MORGAN, LEWIS 



5613954 



# 7/ 41 



[o o 1 8 ] *r* *moitmmmKmam» 
mm) zmbtc. 

e o, (Kft-fe * a ) Ki^s^ias 900 icKsaa i( 
bxmsntc. gfi-^E <c-v> fttttsjw* 

1 0 0 2 0 ] SftWB W a >^±tc«tifrDttS*tt 

0 n m<OC e 0,R«SfifiKd 0 OTiBRSHSWrc 
*R8«. XK7 0 0XIWWafiWir7i^L'C» 
tf<*ft/c. §S-«E (C-V) fftt««Sr«)t«ft: 
JSBHBMSHt? a j ss&fcff&SUc. 20 

jot p»2/'j5>s« csi) ±u:m%&® 

MfiWHO^ya^KftSffcR (S i ON) £tBEttftB 
JtK (CeO,) £7<rU*Xi>A*ft (A 1 ) ZfcHSib 
fcKRA (Al/CeO,/S i ON/S i ) 4, SBfc 
©pfi!>>;n>«R <S i ) ±6CffiSffi»|»ibg (Ce 
OJ «&5Et/7^5x$A«ffi (A 1 ) SrJSJgLfc** 
?4B (A l/CeO,/S i ) OgS-^ff (C-V) 
tfifl;El/fcJ£#<D^7£^*. (A) tt$l6 

WO«fflCC<fc&Kfi (Al/Ce 0»/S i ON/S 30 

i ) ©sa-wBBiHtc^^-c*!!, <b) vmo 

K&lcXZm (Al/Ce 0,/S i) CD8g-«E 

nA mutm b letter* t *u * wub irfcw 

[ 0 0 2 2 ) ftfc, ±^©H^^(D^O-k^fCi 9»6 
ftfc, WftAOffiSSa^SiqiWJKifBgJSSKiB*^ 

l6ttJ^0*4a«iK, SrBi,Ta.O, (SBT) 
CDMmttHNR«n9l95 0 0 n m«jftt,fc. 
&2x?)l^*±>W^brj;zzha>*v& (S 
r) t **** (Bi) 4 (Ta) cDWtS&S 

JBfcfflfiU &Jg*MtC. Sr:Bi :Ta = 0. 
8:2. 2 : 2 0S£-Cfi£U 0. 1 5*Jl/^'--fe> 

0 0 r p mraei/r^Sifift 1 ©$x^KHTt/c& 
*U *ffl*-C 1 5 0 < CrttttLfctt2 5 OXTCJHB* 
*, S6*c«iaF'C4 0 0 , CK«»BiR*'CfiaBS* 50 



) #63200 1 -29 1 84 1 

6 

tc. WE. afSa38W*^x^^L*rc©jKffifeBa 
t/X\ §tB@«i»s«>x^«:i6flri/RfiS'&fc. arte. 
g£-«E <C-V>^«BgT&fcfcK:. 

*<Pl) «&2 0 0nnJR£;$tffc. «&<t7 0 0'C 
^»Hfi*r«iWfc7i-*l/TMF I S$&t»Jft 

(0 02 33 B4» % Jd$©S?»«0:/ofe*fcj;gfS 

6hfc, *»w«ijiofisr«$jaffliSfle (s i on) * 

' tBS4£t)cl»jfclK (CeO,) £#r**£*SK±ic. SB 
TKmftme«BU PtflKe#t*te»»A (P 
t/SBT/CeO,/S iON/Si) 4, tE*<D*B 
2ffiaf55±)S (CeO,) ©**«TSffitt*LBc, S 
BT5SSfS««K*Siai/, P t «fi**mfc«8B" 
<Pt/SBT/CeO,/Si) ©8a-SE(C- . 

/C ni a x HtfE*MfcSS*Sttr S # «5*M*WflK5E 

(v) tar* zvmifrbwbfrtj;* 3 }^ m 

(a) 0»SW»©^S(cjt4Hia<z>ria (y*y*< 
>K?la> -ftt. ffiffi (b) cr>M1E©1*h (^*U»4 

EPflDT £ C 4 #T-$ fc C i tc J: 4 ^©r* ^. 
[ 0 0 2 4 ] m W % *»95©-S96^Cc <fc SBS|S» 
SHtlS^fcafflShiMF I S - FET©SS(iS^o-k^ 

m<D pM V »; a X 1 0 0 ) ¥£f4^S&§i£ffi 1 

>s. costi? i o£BT±tcaamBAiM<E)7 < f 
«jftrsfc«e>K:. «s«{tsx*^bt:»« 1 cci®^ 

eflBSe^ftBSx^^l SKeVT?. F-XfilEl 
5/cra"C?iiAt^, *L"C«e»^tBX«rX7#> 

im (S i ONJK) <D^|S$HMJ»Jfi3««ftl©i 
[0 02 5]%K h B2d(C*l»X 1> tOffiSra^JBfli 

fao*as:ffiftt« Bjtr ««s>Ukttjbi 4 % mt 

JiSStfft 1 0 n mor>C e 0, (BMfc-fe V ■> A) 

mQoommm^xm^. 7oo-c^^ 
■«*r7--*or«ashfc. 

[0 0 2 6] ^«c 4 2x^jb^4 t *>JfflB»>6<tS^ h 
n>«A (Sr) , f^v^ (Bi), *>^KT 
a) OWS-AajB€:fflBU» ftW^UikT, Sr : B 
i : Ta = 0. 8 : 2. 2 : 20SB»rfi*b, 0. 1 



05- 5-25; 1 : 1 3PM ; N 




MORGAN, LEWIS 



• 



5613954 



# 8/ 41 



$5532 00 1 -29 184 1 
8 



C©38££2 0 0 0 r pmV®&LX\,>Z£m ©9* ®&<mm<OBfS.7n-km, H3E^8, U-if-7 

'HCffiTt/T&fnU AS*T] 5 0'C-C$2*Stfc^2 T'U-f^iS, MOCVD. C4I51 

5o*cff2s§tf, 56«:e«^-c4oo-cKs^ffl^ mmxt>z. $ ^±Mom2(ommmv^x^ 

Qx-mtHttc. fig. lii^iij^^xnjc^Lc© mmmEn$m$:%i&itr(c. mrnitm:^vj- 

fc £©£«. mz etC7fiT<fc5Cc, SrBi,Ta,0 5J&E-C**. 
. (SBT) ©&^#iS&6#jK£ft5 0 0nniJM [0 032] 

«S!fi:fel!«ihl4±{C!Sis§tirc. ycfc. 02 f [&i»©a/j*} «±SiWLfc«t5«:. *nwt«fc*$a& 

®£m>X6& (P t ) ©±SU«S7 %2 0 0 n m©# S&sfSftglaOiaK. il&tSJgli LTfiS^E8l«i<b 

S^SS^c. tiSteSlKihia •£ C £ (C J: 9 . i»Jz»!m»£ 

i 0 0 2 7 ) a^©gffi«: hpy* i- «K^»ttfls»^ji9©^4aiM(/-c. ?a^«{*«is 

U ffi#Lfc&. Sffcbfc. Arfc<fctfSF. Kl-#K.&EWWm$tXZCi:>p5Jtilt<CX-Zi>. C©£ 

*+l/r 4 LfcR IE (<J7t>7-^-J* *. flRtt#S<. R^0v-tf>jM**l»a«S* 

>• 1?^) tc«fco. 02 roama**?*:^ setsj^SHsrscitf-css. 

C e O.^fcJ^rxyP^jgttMK KitlZC [0 1 ] 4M(C>-J^Kj:«ttara(MttX^O« 

4«UBl/C. Vl/3^S<51±©J/>j3>lg<bBtibK /S©^gJ» (CeO./S i ON/S i ) ©*4mT 

(s iONK) 3ri^?>i/%(?±-ra. 20 mmm$>z. 

1 0 0 2 8 ] B 2 h tOso-C. 'J >*81&S:.f * . [02a] «5tiffSI£R|tftt£Ztt 

* FKfbR««5 « vx * £ b-criA U ^tttSpft <fc rj [0 2 b ] $89i©$tt0|fcc J: SftSfSff^fcftffiStS 

JSttffcU V-Xffiil!e8fcJ:tf KlW>£i-S9£#SS# JW«»faS©-S*iK*1H. 

t->*. «ttft*J:CFHtS7--*«Ftt. 7 0 0/CB*^ [02 d ] :&W4g^K£«5ra£jraHM£Ef£ 

^fflSWn?B0#r*-9fc. *^©KfPI8©-»4mT0. 

[ 0 0 2 9 ] &tc. 02 i Kfct*?. SfeDG&iOtO, [02 e ) ;M®imttK£«!URa<H«n&Ktt . 

-TEOS (tetraethylorthosilicate) Sar, BP 30 SR^OijffcaS©— S5%?ST0. 

SG (boron phosphorus silicate glass) Kl 03* [02 f ] $&9I©f^ftfcJ;&30tttt^&&3Sie 

7^£i^AS®i 1 [02 b ] #?|BJ©f?ffifflfc J: S^SH^ft&&g2te 

[0030] v-x - k u-f >w<m«i©*> • *7* $*<Dmxm<D-u>km?®. 

s b T©a»»«t)Bt»riwi/r*fci c 4. *m mm mmmmzz®mm*mffi&ft 

sum-rttkinx-ft, *mm**vti,xms 

vzctifivszctmrnttc [m ) #»i8©5^«fcj:a««*f^s*8 (a i / 

(0 0 3 1 3 ±aSO»SWt*^©J:0ftaK*JT» 4. « Ce O./S i ON/S i ) i^*©«J/3S^ojim 

<&mmfl*K3KS/y3>S<Uft«».l:t». (A l/CeO,/S i ) ©gffi-SGE (C-V) m 

miSmti}iM4r^ CeZrO,. YSZ (MtU 9 init??7X-$>2,. 

h 'J 0&£mffliti>Jlo~?&) . Y.O,, S r T i [04 ) **«©HttWKJ:5flteS«fi^»^'(P t/ 

0,. ZrO,. HfO,is«tt)f (BaSr) Ti0 3 (B SBT/C eO,/S i ON/S j ) tf&feOflWteff 

st) *>t»^c^.yJ^"^6js^fc•— ?©w©eiu (p t/s bt/c e o,/s i > ©ss-se 

T 3i3|Q#^6a. PbT i 0 Jt PbZ r, [05] fi£3S©MF I S2®35S^*'J©Bra30T* 
Ti.-O,, Pb,La,.,Z r»T i,.,0,, Bi,Ti 

iO„. SrNbO,. Sr> (Ta.Nb,.,) ,0,ts£ [06 ] MF I S§!i3a^«:y*';©?fiii|§ifS0-Cife 

O'S rB j,Ta.0,*&<c4^;l/-^©4i*»6S«n 50 4. 



05- 5-25S 1:13PM;NGaSB MORGAN, LEWIS ^M 56 1 3 9 54 # 9/41 



2 
3 
4 
5 



tiEttMtikJB 



imi) 



7 e^sss 

* 1 3 A 1 ©ffi 



#63200 1-29 184 1 
10 



[02a] 



JL 



[02b] 

llUlillill 



[H2e] 




tH5] 



tttftJSU 




♦ 05- 5-25; 1 : 1 3 PM ; N 



MORGAN, LEWIS ^^ 56 1 3 9 54 # 10/41 



(7) 



200 1-29 1 84 1 



[04] 




F * - A 5F001 AA17 AB09 AD52 AC30 

5F0S3 FROG GA22 GA25 JA03 JA05 
3A15 JA17 JA36 JA3S PR22 
PR23 PR33 
SF3.01 BA62 BKL7 BD33 BH16 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original, 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

P"fiVlAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



\ZJ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




